Pressures from consumers concerned with sow well-being in gestation stalls have encouraged producers to consider how to transition from individual gestation stalls to pens in existing buildings. The aim of this study was to evaluate the performance and wellbeing of sows in pens that were retrofitted from stalls (2.1 by 0.55 m). Large pens (5.5 by 7.3 m) housed 26 sows and small pens (5.5 by 1.7 m) housed 6 sows, with equal floor space allowance (1.5 m 2 /sow) in both pens. Floor space allowance in pens was set to ensure that pens and stalls occupied the same building space per sow. Data were collected from 815 sows (parity 1 to 8) in 13 large pens, 26 small pens, and 326 stalls that served as control. All sows were mated in stalls and moved to pens or stalls after pregnancy confirmation at 5 wk after mating. Daily feed allowance for sows was dropped on a solid floor in pens and was equal in all 3 housing systems. Sows stayed in their assigned gestation housing treatment for 1 pregnancy. Data were analyzed using the Proc FREQ and the Proc Mixed procedures of SAS. Sows in large pens gained less weight during gestation than sows in small pens and stalls (33.4 vs. 39.5 and 41.5 kg, SE = 1.64; P = 0.01). In addition, the proportion of sows assigned to the study that farrowed was the lowest in large pens (92%, χ 2 = 9.52; P < 0.01) and the highest in stalls (98%), with sows in small pens being intermediate (95%). Consequently, the highest percent of sows were removed from large pens (15.8%, χ 2 = 6.75; P < 0.05) and lowest percent of sows were removed from stalls (9.2%), with sows in small pens being intermediate (11.7%) during the study period. Causes for sow removal were different among the housing treatments. Poor reproductive performance was the top reason for culling sows in large pens and in stalls. In small pens, mortality was the top reason for sow removal. Housing treatment did not affect live litter size at birth (12.5, 12.2 and 12.3 piglets, SE = 0.21) or weaning (10.2, 10.1 and 10.3 piglets, SE = 0.20) for large pens, small pens, or stalls, respectively. Results suggest that the performance and well-being of sows were compromised in pens, as indicated by decreased farrowing rates and increased sow removal rates. The limited floor space allowance and the competitive floor feeding system could be major contributors to the compromised performance and well-being of group-housed sows in this study.
INTRODUCTION
By the end of 2012, 9 states in the United States have approved bans on individual stalls for pregnant sows. Currently, individual gestation stalls are the main housing system for sows in the United States. With current regulations and market-driven bans on use of individual gestation stalls, pork producers are considering the transition from gestation stalls to group housing for pregnant sows. Sows in group housing usually require more floor space to maintain productivity and well-being compared with individual housing in gestation stalls. However, existing sow barns have a defined, inflexible footprint (total area of building surrounded by the exterior walls), so providing additional floor space for group-housed sows will dictate housing fewer sows in existing buildings (Harmon, 2013) , which reduces output and probably profitability. Producers are interested in retrofitting existing barns for group housing without compromising well-being of the sows while simultaneously maintaining sow inventory and total output from the barn.
Currently in the United States, there are no floor space standards for gestating sows. The minimal space allowance applied in the industry is 1.5 m 2 for grouphoused sows (Harmon et al., 2001; Miller, 2012b) . When floor space is limited, selection of optimal group size becomes more important because group size affects the efficiency of space usage by sows (Seguin et al., 2006; Salak-Johnson et al., 2007) . As group size increases, the area for sows to share increases and the quantity of space required per sow decreases (European Commission Council, 2001) , resulting in more efficient use of floor space. In contrast, small groups allow creation of sow groups that are more uniform in body size and condition that is advantageous in competitive, group feeding systems . With these advantages and disadvantages in mind, we evaluated conversion of individual gestation stalls to group pens with the requirement that sow inventory could not be reduced. In this study, we compared the performance and wellbeing of sows in 2 different sizes of retrofitted pens with sows kept in gestation stalls.
MATERIALS AND METHODS
The Institutional Animal Care and Use Committee of the University of Minnesota reviewed and approved the experimental protocol for this study.
Animals, Housing, and Management
The study was conducted on a 5,000-sow commercial breeding-to-wean farm in North Dakota between September 2009 and May 2011. For this study, 4 large pens and 8 small pens were retrofitted from gestation stalls. Each large pen (5.5 by 7.3 m) housed 26 sows and was constructed by removing 2 rows of 13 gestation stalls that were oriented with the sows' tails toward a center alleyway and their heads pointing away from the alley. The original recessed feeding trough was filled with concrete to the floor level to expand the solid floor space. Large pens had an area (2.3 by 7.3 m) of slatted floors down the center, with equal amounts of solid floor (1.6 by 7.3 m) on both sides (Fig. 1) . The solid areas in each large pen were divided by short fences (1.8 m) into 6 smaller areas so that sows could be fed and rest in smaller sections and in smaller subgroups. Small pens (5.5 by 1.7 m) housed 6 sows and were constructed the same as the large pens, except 2 rows of 3 gestation stalls were removed and no short fences were installed. Small pens had an area (2.3 by 1.7 m) of slatted floor down the center, with equal amounts of solid floor (1.6 by 1.7 m) on both sides. Large pens were equipped with 4 bowl drinkers and small pens had 1 bowl drinker. Floor space allowance was 1.5 m 2 per sow in both large and small pens. Gestation stalls (2.1 by 0.55 m) in the same room served as the control. All sows were provided 2.5 kg of a corn-soybean meal based gestation diet formulated to meet NRC (1998) nutritional requirements for gestating sows. The daily ration was delivered in 2 portions, with two-thirds of the ration delivered at 0600 h and one-third delivered at 1200 h. For sows in pens, feed was dropped on the solid portion of the floor from the existing feeder lines so that each sow had a feed pile dropped. Temperature in the room was controlled by ventilation fans and heaters to achieve temperature as near as possible to the thermoneutral zone for gestating sows. Light period was 9 h starting from 0600 h with emergency lights on during the dark period. Room temperature, feeders, drinkers, and animal health were checked twice daily in the morning and afternoon. When any sows were removed from the study, the reason for removal was recorded.
All sows (parity 1 to 8, Camborough, PIC North America, Hendersonville, TN) were housed in gestation stalls during their previous gestation. No gilts were included in this study. Sows farrowed in individual stalls, and cross-fostering was conducted within 48 h after farrowing as per routine commercial practice on the farm. Every week, 2 groups of approximately 100 sows were weaned at about 21 d after farrowing. At weaning, all sows were moved to stalls where they were mated and remained in stalls until confirmation of pregnancy by ultrasound at about 35 d after breeding. Pregnant sows from the same breeding cohort were sorted by parity and by body size (large or small determined by visual appraisal). Parity was categorized as parity 1, parity 2, and parity 3 or greater (parity 3+) at breeding. Within each category of parity and size, sows were assigned randomly to 1 large pen, 2 small pens, and 25 gestation stalls. Sows in large pens were not sorted, so both large and small sows were housed in the same pen. However, sows in small pens were sorted by body size. In each breeding cohort, we stocked 1 small pen with sows of small body size and 1 small pen with sows of large body size. Sows remained in their designated housing treatment until about d 109 of gestation when they were moved to farrowing stalls. This procedure was repeated for 13 contemporary breeding groups at 4-to 6-wk intervals. In total, 335 sows were assigned to 13 large pens, 154 sows to 26 small pens, and 326 sows to individual stalls that served as controls.
Data Collection
All sows were healthy without signs of lameness at allocation to the study. The data collection period started from the time that sows were allocated to the study after pregnancy confirmation until being mated for the next reproductive cycle after weaning their litters. All sows were weighed individually at allocation to pens or stalls, at entry to farrowing rooms on d 109 of gestation, and at weaning. Changes in body weight during gestation and lactation were calculated. Standard production data were collected for each sow at farrowing and at weaning from the existing on-farm computerized record system. These data included number of sows farrowed, litter size farrowed (number of total born, born alive, stillborn, and mummified for each litter), and number of piglets weaned per litter. Cross-fostering was conducted after farrowing according to the standard procedures of the farm to achieve litter size between 12 and 14 pigs. So, the number of pigs weaned per litter included crossfostered pigs. In addition, the number of sows expressing estrus after weaning and the wean-to-estrus interval were also recorded.
Because sow longevity affects overall production efficiency and is an indicator of sow well-being, the number of sows that completed the study, the number of sows that died or were culled during the study period, and reasons for culling were registered. The reasons for culling were categorized and identified by the farm workers as abortion, poor milk production, poor reproductive performance (including return to estrus, failure to farrow, and small litter sizes at farrowing or weaning), poor body condition, lameness, injury caused by aggression, and others (including prolapse, savaging piglets, and sickness that was not responsive to treatments).
The sow housing treatments may require different quantities of labor to operate. Accurate recording of all labor required to operate 3 concurrent housing systems under commercial conditions was deemed impractical. So, we focused our recording of labor needs on the following management activities that were most likely to differ across the housing treatments: vaccination of sows, handling sows (included moving sows into gestation pens or stalls, moving sows from gestation to farrowing accommodation, sorting sows, and removing cull sows), treating sick sows, and removing dead sows. During these activities, farm staff recorded the start and end time for the given activity within each housing treatment. They also recorded the number of people involved to allow calculation of total stockperson-hours dedicated to the activity. To compare labor needs across the housing treatments, the average labor need for each activity was calculated as time spent (min) performing the activity for each sow. In addition, any injuries to workers or safety concerns expressed by workers were recorded and assigned to the appropriate housing treatment. Labor needs for daily observation of sows, feeding sows, and equipment maintenance were not recorded in this study.
Data Analysis
All data was analyzed using the SAS software package (SAS Inst. Inc., Cary, NC). The Frequency procedure with chi-square test was used to examine effect of housing treatment on number of sows that were removed and removal reasons, that farrowed, and that completed the study. The Mixed procedure was used to analyze sow body weight, litter characteristics, and labor requirements. Housing (large pen vs. small pen vs. stall), parity category, and their interactions served as fixed effects and replicate (breeding cohort) was the random effect. Within small pens, the effect of sow size was examined initially, and no significant differences (P > 0.10) were detected. So, the effect of sow size was excluded from the final statistical model, and the data from small and large sows were combined for small pens. Pen was the experimental unit for group-housed sows, and individual sow was the experimental unit for sows housed in stalls. Differences among means were tested using Tukey with adjustment for multiple comparisons. Significant differences were identified at P < 0.05 and trends at P < 0.10.
RESULTS
Sows in small pens were lighter than sows in stalls (P = 0.05; Table 1), with sows in large pens being intermediate when moved to gestation housing treatments at 35 d after pregnancy confirmation. At d 109 of gestation when sows were moved to farrowing quarters, sows in large pens and small pens were lighter than sows in stalls (P = 0.01). After weaning, sow weight followed a pattern similar to that at the start of gestation. During the 74 d of the gestation period studied (from d 35 to d 109), sows in large pens gained less weight (P = 0.01) than sows in small pens or in stalls. However, during the lactation period, sows from the large gestation pens lost less weight (P = 0.03) than sows from gestation stalls, with sows from small pens being intermediate. For sows that farrowed a litter, there were no differences in number of piglets farrowed or weaned per litter, litter weight at weaning, or wean-to-mating interval among the housing treatments.
Sow body weight throughout the experiment was influenced (P = 0.01) by parity ( Table 2) . As expected, parity 1 sows were lightest and parity 3+ sows were heaviest across the housing treatments with parity 2 sows intermediate in weight (all P = 0.01). Gestation housing treatment and sow parity interacted (P = 0.01) to influence body weight when sows entered the gestation housing treatments. For sows assigned to large pens, body weight increased significantly as parity advanced. However, this significant increase in body weight for each increase in parity was not observed for sows assigned to stalls or small pens. At weaning, body weight of sows increased significantly for each increase in parity in sows assigned to stalls and large pens but not for sows assigned to small pens. This resulted in the tendency (P = 0.07) for an interaction between gestation housing treatment and sow parity. There were no interactions between gestation housing treatment and sow parity nor were there any effects of parity on the magnitude of changes in sow body weight during gestation or lactation.
Parity also affected litter size at birth, number of piglets that died before weaning, litter size weaned, litter weight at weaning, and wean-to-mating interval. Parity 2 sows farrowed larger litters (P = 0.01; Table 2 ) than parity 1 and parity 3+ sows. Older sows (parity 3+) had more stillborn piglets (P = 0.03) and weaned smaller litters (P = 0.03) than parity 1 sows. Parity 2 and parity 3+ sows lost more piglets (P = 0.01) before weaning than parity 1 sows. As a result, parity 1 and parity 2 sows weaned larger (P = 0.03) and heavier litters (P = 0.03) than parity 3+ sows. There were no interactions between gestation housing treatments and parity for any measures of litter performance or wean-to-mating intervals, so the effect of parity was consistent across the housing treatments.
Gestation housing system did affect the ability of sows to produce a litter and complete the experiment. Among sows that were assigned to the study, 97.6% of sows in stalls, 92.2% of sows in large pens, and 94.8% of sows in small pens farrowed a litter (P < 0.01; Table 3). Similarly, the proportion of sows that completed the study was highest in stalls (90.8%), lowest in large pens (84.2%), and intermediate in small pens (88.3%; P < 0.05). In stalls, poor reproductive performance and poor milk production were the top 2 reasons for removal from the study (Table 4) . In large pens, the top 2 reasons for sow removal were poor reproductive performance and injuries associated with aggression among sows. In small pens, death or euthanasia was the major cause followed by poor reproductive performance, low body condition, and miscellaneous reasons.
During the study period, no worker injury was reported as a result of managing and caring for sows in any of the housing systems. Workers spent the least time handling sows in stalls (P = 0.01) and the longest time handling sows in small pens (Table 5) . A similar pattern was observed for vaccination of sows in the 3 housing systems studied. Due to low incidence of sick and dead sows, comparisons of labor needs for treating sick sows or removing dead sows among the 3 housing treatments were not possible, so no data are presented.
DISCUSSION
The main purpose of this study was to investigate the feasibility of retrofitting gestation stalls for group housing without compromising the performance or well-being of sows and without reducing sow inventory in the gestation barn. The results indicate that sows gestated in the retrofitted pens had lower farrowing rates and higher removal rates than sows gestated in stalls, which suggests that both performance and well-being of sows were compromised. The compromised performance and well-being of sows in the retrofitted pens could be attributed to many factors including floor space allowance, the competitive floor feeding system, pen layout, formation of sow groups, previous housing experience of sows, and skill of stockpeople that managed sows in group-housing systems.
The floor space allowance for group-housed sows of 1.5 m 2 provided in this study was about 25 to 30% less than the minimal space allowance for group-housed sows recommended by the European Union Directive (2.2 m 2 /sow; European Commission Council, 2001) and the Canadian Code of Practice that is under revision currently (2.0 m 2 /sow; Gonyou et al., 2013) . The restricted space allowance imposed in this study was dictated by the study requirement that building space allocated to housing sows in pens be the same as the space allocated for housing the same number of sows in stalls. Considering that group size affects efficiency of floor space usage, the European Union Directive (European Commission Council, 2001) recommends that the minimal space allowance may be decreased by 10% when the number of sows in a pen is greater than 40 sows and increased by 10% when the group size is less than 6 sows. The disadvantage of large group sizes, however, is that sows cannot be sorted by size or weight creating challenges in meeting different nutritional requirements and maintaining body condition of sows within a group. In addition, it is difficult and sometimes impossible to sort sows by size or parity in large groups. When sows are not sorted, the competitive ability for feed may vary greatly among sows (Brouns and Edwards, 1994; Bøe, 1996) in large pens. Young sows are usually smaller and eat slower (Bøe, 1996) , so they are less competitive for feed than older dominant sows in competitive feeding systems. In contrast to large groups, sows housed in small groups usually can be sorted by size or body weight so that nutrient requirements within a group are more similar among sows. In competitive feeding systems, such as the floor feeding used in this study, sorting by size or weight will also help to generate a group of sows with a-c Means within a row without a common superscript differ (P < 0.05).
1 The interaction between housing and parity category was significant (P = 0.01).
2 The interaction between housing and parity category tended to be significant (P = 0.07). similar competitive ability for feed and allow more uniform sow weight gain during pregnancy. However, when limited space is provided, sows in small groups could be more crowded than in large groups due to less space for sows to share . In the United States, the minimal space allowance of 1.5 m 2 (Harmon et al., 2001 ) was recommended about 10 yr ago, which was close to the minimal space allowance of 1.4 m 2 recommended several years ago in Australia (PISC, 2007; Barnett and Hemsworth, 2009 ). However, research during the last decade suggested that limited space allowance can result in more injuries caused by aggression among sows because sows have difficulty retreating from aggressive interactions with their pen mates (Seguin et al., 2006; Salak-Johnson et al., 2007) . Sows in pens with a floor space allowance of 1.4 m 2 had more skin lesions caused by aggression, poorer body condition, and lighter weight during gestation than sows provided a floor space allowance of 2.3 m 2 (SalakJohnson et al., 2007) . So, the minimal space allowance of 1.4 m 2 is considered too low for group-housed, gestating sows (Barnett and Hemsworth, 2009; Scipioni et al., 2009; Gonyou et al., 2013) . Consistent with previous studies (Seguin et al., 2006; Salak-Johnson et al., 2007) , we found that injuries associated with fighting were the second most prevalent reason for sow removal in large pens, which may be the result of sows having no way to escape fighting under the conditions of limited floor space allowance. In addition, the high mortality rate that occurred in small pens may be also related to fighting among sows. Among the 5 sows that died in small pens, 2 were associated with injuries caused by fighting. When there was no space for sows to retreat, aggression among sows might have been escalated and may have lasted for longer periods (Mount and Seabrook, 1993; Arey and Edwards, 1998) . So, the current study demonstrated that it was not possible to maintain the performance and wellbeing of sows in retrofitted pens that occupied the same building footprint as sows housed in stalls. The limited floor space allowance provided in the current study could be one of the most significant contributors to the higher removal rate observed in pens compared with stalls.
The floor feeding system adopted in this study could be another reason for the compromised performance and well-being of sows in pens. Floor feeding is a competitive feeding system (Andersen et al., 1999; and difficult to control individual feed intake of gestating sows. In the current study to make the entire floor space within the pen available for sows, no dividers between feed drops were installed. This may have exacerbated the competition among sows at feeding because dominant sows could occupy 2 or 3 feed drops, resulting in dominant sows getting more feed and subordinate sows getting less feed than desired. As a result, more sows were removed for poor body condition from pens, but no sow was removed from stalls for the same reason in this study. Excessive body weight of sows has been reported as a problem in floor feeding systems (Andersen et al., 1999) . However, in the current study, no sows were culled due to excessive weight probably because treatments were imposed for only 1 gestation period.
Pen layout can also affect the performance and well-being of sows Scipioni et al., 2009) . Because the existing feed delivery augers for gestation stalls were used in the retrofitted pens, the feeding areas were limited and the distance between 2 feed drops was only 55 cm. In addition, pen orientation in relation to the existing feed delivery augers dictated that 3 feed drops were on each of the short sides (width) rather than the long sides (length) of small pens. So, a dominant sow could control all 3 feed drops on one side and consume more feed than her allotment with subordinate sows suffering low feed intake. This disparity may explain the resulting higher removal rate due to poor body condition in small pens (3 out of 18) than in large pens (2 out of 53) and stalls (0 out of 30). Furthermore, compared with sows in small pens, sows in large pens Poor milk production 9 9 1
Poor reproduction 3 10 13 3
Low body condition 0 2 3 Locomotion problems 0 3 0
Injuries from fighting 0 10 1
Other reasons 4 4 6 3
Died or euthanatized 2 6 5
1 Chi-square = 27.8 (P < 0.05).
2 Percentage of sows assigned within housing treatment.
3 Included: sows that returned to estrus, failed to farrow, and farrowed or weaned small litters.
4 Included: prolapse, prematurely weaning the litter, savaging piglets, and sickness that was not responsive to treatments. a-c Means within a row without a common superscript differ (P < 0.05).
1 Included moving sows to gestation, moving sows from gestation to farrowing rooms, sorting sows, and removing cull sows.
had more feed drops to choose from, which may have helped reduce incidence of poor body condition. The solid areas of large pens were divided by short fences into 6 smaller areas so that sows could be fed and rest in subgroups. We also hoped that sows could have used the short fences as hiding spaces to escape fighting (Luescher et al., 1990; Edwards et al., 1994) . However, the high removal rate in large pens due to fighting-induced injuries suggests that the short fences were not effective in protecting sows from fighting. If the feeding system could have accommodated feed drops in larger areas or if more floor space was available to allow installation of dividers between feed drops, the floor feeding system might have worked better in the current study. Harmon (2013) recommended reducing stocking density by 30% when retrofitting gestation stalls to pens, so that the extra feed drops could compensate for poor competitive ability of subordinate sows for feed.
With limited floor space allowance and the floor feeding system, the retrofitted pens did not meet the minimal requirements of controlling aggressive social interactions and individual feed intake for group-housed sows (Gonyou, 2003; Barnett and Hemsworth, 2009) . As a result, a higher percentage of sows were removed from the study due to poor performance, poor health, or death in pens compared with stalls. The differences in removal rate between pens and stalls were attributable to fighting-induced injuries, death, and poor body condition. In addition, 3 sows were culled due to lameness in large pens during the study period, which might also be associated with fighting because fighting on slippery floors can cause lameness in sows (O'Connell et al., 2003; Anil et al., 2006; Zurbrigg and Blackwell, 2006) .
Previous housing experience can affect behavior and performance of pigs (Broom et al., 1995; Li and Wang, 2011) . Because all sows, young and old, in the current study had never gestated in pens before the study, they were not acclimated to the group housing system and may have experienced more stress than sows that have previous experience with a group housing system. We cannot determine if removal rates would have been lower if sows had previous experience with the housing system studied in this experiment. Likewise, we cannot predict if removal rates would be different in future reproductive cycles if sows were maintained in these housing systems during subsequent reproductive cycles. Unfortunately, we could not continue this commercial study past 1 reproductive cycle. Another challenge to this study was that workers on the farm had great experience in managing sows in gestation stalls but had very little experience with group-housing systems. Skill of the stockpeople can affect the performance and well-being of sows (Hemsworth and Coleman, 2011) . The inexperience of stockpeople in managing group-housed sows might unintentionally induce stress on sows and compromise the quality of care, resulting in reduced sow performance and well-being. This will likely be a challenge that the swine industry will need to address during the transition period from gestation stalls to group-housing systems.
In addition to the high removal rate, sows in pens had lower body weight at the end of gestation than sows in stalls. When sows were assigned to treatment, sows in small pens had lower body weight than sows in stalls, with sows in large pens being intermediate. This was because sows were sorted by size in small pens, with an equal number of pens housing small sows and large sows. So, the ratio of small to large size for sows assigned to small pens was 1:1. However, in large pens and stalls, the ratio of small to large size was about 1:3 due to the parity composition of each breeding cohort. Small sows were usually younger and had lower body weight, so the high percentage of small sows allocated to small pens resulted in lower body weight sows at entry of the study. This low body weight was reflected at the end of gestation. However, weight gain during gestation in small pens was not different from sows in stalls. Salak-Johnson et al. (2007) reported similar results in that sows in small pens (5 sows/pen) with floor feeding gained similar amount of body weight compared with sows in stalls. In contrast to sows in small pens, sows in large pens gained less weight than sows in stalls and small pens during gestation in the current study. The reasons for the lower weight gain in large pens are not clear. One possible explanation is that sows in large groups are usually more active because of more social interactions among sows (Anil et al., 2006) . Because physical activities, such as standing and walking, can increase energy expenditure by 15% over resting (Noblet et al., 1997) , sows in large pens may need more energy for activities and maintenance of body weight gain than sows in stalls and small pens.
Another important reproductive response affected by the housing treatment was the percentage of sows that farrowed after being moved to gestation housing treatments. The proportion of sows from large pens that farrowed was 2.6 percentage points lower than in small pens and 5.4 percentage points lower than sows from stalls. Compared with sows in stalls, sows in both small and large pens had lower farrowing rates. It is noteworthy that sows were assigned to their gestation housing treatments after confirmation of pregnancy. Gestating sows are usually considered more resistant to stress after the early stages of pregnancy (d 0 to 28). So moving sows to pens 5 wk after breeding was not expected to influence farrowing rate as much as moving sows to pens during the first 2 to 3 wk after breeding (Spoolder et al., 2009) . A study that included 96 commercial farms in Europe showed that sows that were mixed within 1 wk after breeding had lower conception rate (82 vs. 88%) compared with sows that were mixed 1 mo after breeding (Spoolder et al., 2009) . When compared with sows in stalls, sows that were mixed in pens 5 wk after breeding did not differ in farrowing rate (Li and Gonyou, 2013) . The European Union Directive (European Commission Council, 2001) allows keeping sows in stalls for 4 wk after breeding. However, the current study demonstrates that mixing sows in group-housing systems after pregnancy confirmation can still reduce farrowing rates if aggressive social interactions and individual feed intake cannot be controlled. Production data collected on commercial farms in the United States (Miller, 2012a (Miller, , 2012b showed results similar to the current study, with sows housed in pens after pregnancy confirmation having lower farrowing rates than sows in stalls. Results of the current study and previous commercial studies demonstrate that stress after pregnancy confirmation can still reduce performance of gestating sows in group housing systems as indicated by reduced farrowing rate. Therefore, minimizing stressors in the group-housing system by providing adequate floor space and a feeding system that minimizes fighting and prevents uneven feed intake is essential for good performance and well-being of sows.
The reasons for increased labor to handle and vaccinate sows in small pens compared with large pens were counterintuitive. However, workers reported that it was harder to reach sows that were hiding behind other sows in the tight confines of the small pens. The differences in time spent on animal handling and vaccination between pens and stalls that were reported by workers were due to difficulty in sorting because it was more difficult to identify and locate sows in pens than in stalls. Handling and vaccinating sows in all housing systems did not present threats to worker safety in the current study.
In general, there were no interactions of parity and housing for important measures of reproductive performance, such as weight change during gestation, litter performance, and wean-to-mating intervals, indicating that sows in different parity categories responded similarly to the housing treatments. The differences in reproductive performance among parity categories were similar to those reported in previous studies (Koketsu, 2005; Li et al., 2012) , and the overall performance of sows in the current study was similar to industry standards (PigChamp, 2011) .
In summary, sows in retrofitted pens had lower farrowing rates and higher removal rates compared to sows in stalls. More sows were removed due to fighting-induced injuries, poor body condition, or death in pens than in stalls. In addition, sows in large pens gained less weight during gestation than sows in small pens or stalls. Although gestation housing did not affect litter size farrowed and weaned, the higher removal rate and causes of removal indicate the retrofitted pens with the floor feeding system did not meet the minimal requirements of controlling aggressive social interactions and individual feed intake for group-housed sows. These results suggest that housing sows in gestation pens that occupy the same portion of the building footprint as a similar number of sows in individual stalls compromises both performance and well-being of sows.
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